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ELECTROSTATIC CHUCK 

5 BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 J The present invention relates to an electrostatic 
chuck which is used in an apparatus for manufacturing 
semiconductor devices or liquid crystal devices and mounts 
10 thereon a wafer such as a semiconductor wafer and a liquid crystal 
glass substrate. 

Prior Art 

[0002] Conventionally/ in manufacturing processes for 
15 semiconductor devices/ in order to carry out processes such as 
film- forming processes and etching processes on wafers such as 
a silicon wafer with high precision/ the wafer is required to 
be held while properly remaining in high degree of flatness. 
For such a holding means, electrostatic chucks have been 
20 proposed, 

[0003] The electrostatic chucks can easily fix a wafer thereon 
with a high degree of water flatness which is required for various 
processes such as film forming or etching processes. The chucks 
are also applicable even in a vacuum so that they have been widely 
25 incorporated in a wide variety of film-forming devices and 



etching devices. 

[0004] Here, a further improvement in integration degree of 
semiconductor elements in semiconductor devices , there have been 
strong demands for stable performance characteristics, an 
5 improvement in production yield, and an increase in the number 
of wafers which can be processed per unit time. For this reason, 
it is required that in etching or forming a film, the wafer is 
heated to a target temperature as quickly as possible to improve 
the uniform heat distribution on an overall wafer. 

10 [0005] Therefore, the mounting surface of the electrostatic 
chuck for supporting a wafer thereon is provided with grooves 
or recesses thereon and a gas inlet communicating with the grooves 
or recesses for supplying an inert gas such as He or Ar to the 
grooves or recesses. As a wafer is chucked onto the mounting 

15 surface, a narrow space formed between the lower surface of the 
wafer and the groove or recesses of the chuck is filled with 
an inert gas through the gas inlet so that thermal transfer 
characteristics between the wafer and the mounting surface on 
the electrostatic chuck are improved, obtaining a uniform heat 

20 distribution on a heated wafer. 

10006] Moreover, with respect to configuration of grooves 
or recesses formed in the mounting surface, Japanese PaLenL No. 
2626618 discloses an chuck structure, as shown in Fig. 2, 
including: a gas inlet 34; a plurality of radial grooves 35 

25 communicatingwiththegas inlet 34; and multiple annular grooves 
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36 formed concentrically with virtually equal intervals/ 
centered on the gas inlet 34, which are allowed to communicate 
with the respective radial grooves 35, with the upper face of 
the electrostatic chuck 31 other than the radial grooves 35, 
5 annular grooves 36 and gas inlet 34 serving as the mounting 
surface 33 of the wafer W. 

[0007] Furthermore, as shown in Figs . 3Aand3B, JP-A-10-56054 
discloses a disc-shaped electrostatic chuck 41 having: a gas 
inlet 44; a plurality of radial grooves 45 communicating with 

10 the gas inlet 44; and an annular groove 46 communicates with 
the ends of the respective radial grooves 45, in which the other 
upper portions of the electrostatic chuck 41 are prepared as 
a mounting surface 43 for supporting a wafer W than the radial 
grooves 45, the annular groove 46 and the gas inlet 44 and the 

15 mounting surface 43 is subjected to a blasting process, to be. 
formed into a surface with protrusions and recessions, as shown 
in Fig- 3B. 

[0008] As shown in Fig. 4, JP-A-7-153825 discloses a chuck 
structure having: a plurality of fine protrusions 52 dotted on 
20 the upper surface of an electrostatic chuck 51 in a disc shape 
with an annular protrusion 57 formed on the peripheral edge of 
the upper surface, in which the Lop faces of the fine protrusions 

52 and the annular protrusion 57 serve as a mounting surface 

53 for supporting a wafer W with a plurality of gas inlets 54 
25 being formed on the upper surface. 



[0009] Moreover, JP-A-9-213777 discloses an electrostatic 
chuck constituted by a combination of annular gas grooves with 
radial gas grooves, and, as shown in Fig. 5, another electrostatic 
chuck 61 constituted by a combination of annular gas grooves 
5 66 with circular gas recesses 67. 

[0010] JP-A-7-18438 discloses an electrostatic chuck is 
formed with a plurality of annular gas grooves on its surface, 
and protrusions formed inside a circular gas recess. 
[0011] Furthermore, as shown in Fig. 6, USP 5,761/023 

10 discloses an electrostatic chuck 71 having double annular gas 
grooves 76; a circular gas recess 77; fine dotted protrusions 
78 distributed inside the area of the circular gas recess 77; 
and an annular rib protrusion 79 located between the double 
annular gas grooves 76 to be separated into two grooves. 

16 [0012] However, in the case of the electrostatic chuck 31 
having a mounting face configuration as shown in Fig. 2, with 
respect to the area of the mounting surface 33 surrounded by 
the adjacent two radial groups 35 and annular groove 36, the 
area in the peripheral portion is larger than that in the center 

20 portion and therefore the amount of heat transfer from the 
mounting surface 33 to the wafer W in the peripheral portion 
is greater than that in the center portion, resulting in wafer 
temperature at the peripheral portion of the wafer W higher than 
that at the center portion, with degradation in a uniform heat 

25 distribution over the surface of a wafer W. 



[0013] Moreover, the electrostatic chuck 41 having amounting 
surface 43 shown in Figs. 3A and 3B, the mounting surface 43 
is a surface including protrusions and recesses among them, which 
has a small contact area with the wafer; therefore, the low heat 

5 quantity to be transmitted from the top face of the fine 

protrusions to the wafer extends a time required to heat the 
wafer thereon to a predetermined temperature and the subsequent 
degreases the number of processed wafers per unit time. 
[0014] Furthermore, in the electrostatic chuck 51 having the 

10 mounting surface 53 shown in Fig. 4, the contact area to the 
wafer W is as small as 1 to 10% so that the quantity of heat, 
transmitted from the top faces of the fine protrusions 52 and 
the annular protrusions 57 to the wafer, is small; therefore, 
the time required for heating the wafer to a predetermined 

16 temperature is taken longer, which does not increase the number 
of processed wafers per unit time, i.e. wafer process speed. 
[0015] As shown in Fig, 5, the electrostatic chuck 61, which 
is constituted by the annular gas groove 66 and the circular 
gas recess 67, is sucked by the annular protrusion 69 located 

20 between the annular gas groove 66 and the circular gas recess 
67, with the result that the gas pressure in the gas groove section 
becomes greater to cause a deformation in the wafer due to the 
gas pressure, resulting in a failure in sucking the wafer in 
an even manner and the subsequent temperature difference on the 

25 wafer surface. 



[0016] Further, an electrostatic chuck 71 has been proposed 
in which gas pressures in two zones, prepared by an annular gas 
groove 7 6 and a circular gas recess 77 shown in Fig. 6, are supplied 
with the gas pressure from thfi annular gas groove 76 being set 
5 greater so that the heat conductivity is made greater to prevent 
a temperature decrease on the periphery of the wafer W and also 
to make the wafer temperature distribution uniform. However, 
since the annular gas groove 76 on the peripheral portion is 
divided by the annular protrusion 79; therefore, although the 

10 temperature dif f erence is made smaller in a direction orthogonal 
to the annular gas qroove 76, the temperature difference ismerely 
made smaller within the span of the width of the annular gas 
groove 76, with the result that microscopic low temperature 
portions tend to occur in response to the annular protrusion 

15 79 along the length direction of the gas groove on the periphery 
of the wafer. Upon manufacturing a recently-developed high 
density semiconductor element, for example, a semiconductor 
element having a width of a circuit line of 65 nm, the 
above-mentioned low temperature portions tend to generate a 

20 defective semiconductor element, resulting in a reduction in 
the yield of the semiconductor elements in the wafer. 

SUMMARY OF THE INVENTION 

[0017] The objective of the present invention is to provide 
25 an electrostatic chuck which can achieve a small temperature 
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dif f renc on the surface of a wafer that is heated while being 
chucked onto the upper surface of the electrostatic chuck. 
[00181 Therefore, in the present invention, the electrostatic 
chuck includes a ceramic circular plate and an electrostatic 

5 attractive electrode buried therein, with one main surface of 
the ceramic plate serving as a mounting surface for mounting 
a wafer thereon. The mounting surface is formed with a circular 
gas recess formed inside the surface and a concentric annular 
gas groove formed around the circular gas recess on its peripheral 

10 edge, and in this arrangement, the annular gas groove and the 
circular gas recess are separated from each other by an annular 
protrusion. 

[0019] A plurality of dotted protrusions is formed inside 
the annular ga© groove and inside the circular gas recess to 

15 support the back face of a wafer. In a heating process, the 
electrostatic chuck of the present invention makes it possible 
to shorten the time required for reaching a saturated temperature 
state, and consequently to maintain the in-plane temperature 
difference in the wafer in a very small level in a normal state. 

20 [0020] Here, the diameter of the circular gas recess is 
preferably set to 70 to 95% of the outer diameter of the mounting 
surface. 

[0021] Moreover, a first annular protrusion surrounded 
between the outer circumference of the circular gas recess and 
25 the inner circumference of the annular gas groove preferably 

7 



has a width W2 in a range from 0 . 5 to 5 mm, while a second annular 
protrusion surrounded between the outer circumf erence of the 
mounting surface and the outer circumference of the annular gas 
groove preferably has a width Wl in a range from 1 to 5 mm. 
5 Furthermore, the ratio Si/S 2 of the area Si of the circular 

gas recess to the total area S 2 of the upper surfaces of the 
dotted protrusions formed inside the circular gas recess is 
preferably set in a range of 1 to 5, while the ratio S 3 /S 4 of 
the area S 3 of the annular gas groove to the total area S 4 of 
10 the upper surfaces of the dotted protrusions formed inside the 
annular gas. groove is preferably set in a range of 1 to 5, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The present invention is described in detail with 
15 reference to drawings below: 

[0023] Figs. 1A and IB respectively show a cross-sectional 
view and a plan view showing an electrostatic chuck in accordance 
with the present invention. 

[0024] Fig. 2 is a plan view showing the arrangement of a 
20 groove on a mounting surface in a conventional electrostatic 
chuck . 

[0025] Fig. 3A shows a plan view of a conventional 
electrostatic chuck, and Fig. 3B is a partial enlarged 
perspective view of the mounting surface of the electrostatic 
25 chuck shown in Fig. 3A. 



[0026] Fig. 4 shows a plan view of the arrangement another 
groove in a conventional electrostatic chuck. 
[0027] Fig. 5 is a plan view showing the arrangement of still 
another groove in a conventional electrostatic chuck, 
5 [0028] Fig. 6 is a plan view showing the arrangement of another 
groove in a conventional electrostatic chuck. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0029] Fig. 1A is a cross-sectional view showing an 
10 electrostatic chuck in an embodiment in accordance with the 
present invention. 

[0030] This electrostatic chuck 1 includes: a ceramic 
circular plate 2; a gas inlets 4 and 5 formed on one of main 
surfaces of the ceramic circular plate 2; a circular gas recess 

15 8 communicating with the gas inlet 4; an annular gas groove 9 
communicating with the gas inlet 5; and a plurality of dotted 
protrusions 11 formed inside the circular gas recess 8; and a 
plurality of dotted protrusions 12 formed inside the annular 
gas groove 9, so that a first annular rib protrusion 14 on inside 

20 of the annular gas groove 9, a second annular rib protrusion 
13 on the outside of the annular gas groove 9, and the dotted 
protrusions 11 and 13 are disposed for a mounting surrace 3 on 
which a wafer W is placed. 

[0031] Further, the annular gas groove 9 and the circular 
25 gas recess 8 are independent of each other so that gas having 



mutually different pressures may be introduced into respective 
gas groove and recess. 

[0032 1 The circular ceramic plate has a pair of electrostatic 
attractive electrodes 18 embedded in the vicinity of one of the 

5 major surfaces thereof and a heater electrode 19 embedded in 
the vicinity of the other major surface; and power-supply 
terminals 20 and 21 to be electrically connected to the pair 
of electrostatic attractive electrodes 18 and the heater 
electrode 19 are respectively joined to the other main surface 

10 of the ceramic circular plate 2. 

[0033] The circular ceramic plate 2 has a temperature 
measuring element 16 for detecting a temperature in the 
electrostatic chuck 1* 

[0034] In use, a wafer W is put on the mounting surface 3, 
15 and power is applied across a pair of electrostatic attractive 
electrodes 18 so that an electrostatic suction force may be 
exerted between the wafer W and the mounting surface 3 thus, 
allowing the wafer W to be held and fixed onto the mounting surface 
3. Then inert gases such as helium or argon is supplied into 
20 the gas inlets 4 and 5 through gas pipes, filling a space formed 
by the wafer W and the annular gas groove 9 and circular gas 
recess 8 with the inert gas, resulting in even temperature 
distribution on the processing surface of the wafer . For example, 
as a film- forming gas is supplied in this state, a f ilmis deposited 
25 on the processing surface on the wafer W, whereas as an etching 

10 



gas is supplied, the processing surf aceof the waferW is subjected 
to a fine-pattern forming process. 

[0035] With respect to the detailed configuration of the gas 
groove and recess / as shown in Fig, IB, the ga3 recess 8 is provided 
5 with a gas inlet 4 opened in the center of the main surface of 
the circular ceramic plate 2, with the circular gas recess 8 
being placed centered on the gas inlet 4 and the dotted protrusions 
11 being disposed within the region of the circular gas recess 
8. The annular gas groove 9 is disposed on the periphery of the 

10 mounting surface 3, with the dotted protrusions 12 being formed 
within the region of the annular gas groove 9. Moreover, the 
gas is sealed, which is supplied between the second annular rib 
protrusion 13 surrounded by the peripheral portion of the annular 
gas groove 9 and the outer circumference of the mounting surface 

15 3 and the wafer W. The gas, filled in the annular gas gtoove 
9 and the circular gas recess 8, are sealed from each other by 
the second annular protrusion 14. 

[0036] In a state of the wafer W adhered and fixed onto the 
mounting surface 3 of the electrostatic chuck 1, when inert gas 

20 is supplied to the gas inlets 4 and 5, one part of the gas is 
supplied to a space formed between the circular gas recess 8 
radially extending from the gas inlet 4 and the wafer W. The 
other gas is supplied to spaces formed between the annular gas 
groove 9 and the wafer W. Thus, inert gas having mutually 

25 different pressure can be supplied to the circular gas recess 



8 and the annular gas groove 9 from the gas inlets 4 and 5. 
[0037] Although in general, the periphery of the wafer W put 
on the mounting surf ace 3 tends to provide great heat dissipation, 
to cause a decrease in temperature, with the result that the 
5 in plane temperature difference on the wafer W tends to become 
greater, however, in the present invention, since the 
electrostatic chuck has the annular gas groove 9 on the periphery 
of the mounting surface 3, the heat conduction is made greater 
by increasing a pressure of gas in the peripheral, annular gas 

10 groove 9, increasing heat transferred from the upper surface 
of the electrostatic chuck to the wafer W, and consequently to 
raise the temperature on the periphery of the wafer. Moreover, 
a number of the dotted protrusions 12 are distributed within 
the region of the annular gas groove 9 , whichef f iciently prevents 

15 deformation of the wafer. 

[0038] In the present embodiment, the dotted protrusions 11 
are also disposed within the circular gas recess 8, the . 
deformation of the wafer placed on the circular gas recess 8 
can be prevented, and the thermal transfer efficiency between 

20 the wafer and the mounting surface 3 is increased, heating the 
wafer uniformly, 

[0039] . The circular gas recess 8 may have a diameter preferably 
set to 70 to 95ft of that diameter of the mounting surface 3, 
from the viewpoint of preventing a temperature drop on the 
25 periphery of the wafer. In the case where the diameter of the 



circular gas recess 8 is shorter than 70% of the diameter of 
the mounting surface 3, this state is not preferable since the 
temperature in the annular portion inside the wafer becomes 
greater than the temperature on the periphery of the wafer. 
5 Moreover, it is not preferable that the diameter of the circular 
gas recess 8 exceeds 95% of the diameter of the mounting surface 
3, since a temperature on the periphery of the wafer tends to 
decrease, even when the pressure in the annular gas groove 9 
is increased, making the thermal transfer efficiency greater. 

10 More preferably, the diameter of the circular gas recess 8 may 
be set to 80 to 90% of the diameter of the mounting surface 3. 
[0040] Moreover, the width of a first annular rib protrusion 
14 surrounded between the outer circumference of the circular 
gas recess 8 and the inner circumference of the annular gas groove 

15 9 is preferably set to 0,5 to 5 mm, while the width of a second 
annular rib protrusion 13 surrounded by the outer circumf erence 
of the mounting surface 3 and the outer circumference of the 
gas groove 9 is preferably set to 1 to 5 mm, 
[0041] In the case where the second annular protrusion 14 

20 has a width less than 0.5 mm, it is difficult to individually 
adjust the gas pressure difference between the circular gas 
recess 8 and the annular gas groove 9, resulting in a reduction 
in the effects of the annular gas groove 9. Moreover, in the 
case where the width of the second annular protrusion 14 exceeds 

25 5 mm, the temperature of the wafer surface opposing to the 



protrusion 14 tends to drop, increasing the in-pldne temperature 
difference on the wafer. 

[0042] Moreover, in the case where the width of the annular 

protrusion 13 is shorter than 1 mm, the amount of filled gas 
5 leak from between the protrusion 13 and the wafer W is increased, 
and the pressure in a container housing the electrostatic chuck 
1 tends to drop, failing to carry out predetermined processes . 
When the width of the annular protrusion 13 exceeds 5 mm, the 
temperature on the periphery of the wafer W opposing to the 

10 protrusion 13 tends to drop, increasing the temperature 

dif ference of the in-pl ane of the waferW. Preferably, the width 
of the annular protrusion 13 is set to 2 to 3 mm. 
[0043] Moreover, the ratio S1/S2 of the area SI of the circular 
gas recess 8 and the total area S2 of the upper surfaces of the 

15 protrusions 11 formed inside the circular gas recess 8 is 

preferably set in a range of 1 to 5, and the ratio S3/S4 of the 
area S3 of the annular gas groove 9 to the total area S4 of the 
upper or top surfaces of the dotted protrusions 12 formed inside 
the annular gas groove 9 is preferably set in a range of 1 to 

20 5. 

[0044] In the case where the outer diameter of the circular 
gas recess 8 is set to 70 to 95% of the outer shape of the mounting 
surface 3 with the respective widths Wl and W2 of the annular 
protrusions 13 and 14 being set to 1 to 5 mm and 0.5 to 5 mm, 
25 respectively, upon chucking the wafer W onto the mounting surface 

14 



3, the wafer W tends to be deformed into a convex shape toward 
the mounting surface 3 side inside the circular gas recess 8, 
and the in-plane temperature difference in the wafer W tends 
to become greater; however, it has been found that/ when the 

5 protrusion 11 is placed inside the circular gas recess 8, the 
wafer W is supported by the protrusion 11 so that it becomes 
possible to prevent the wafer w from deforming, and that in the 
case where the ratio S1/S2 with respect to the upper surface 
of the protrusions 11 is within 1 to 5, it becomes possible to 

10 make the in-plane temperature difference of the wafer W desirably 
smaller. More preferably, S1/S2 is set in a rang* from 7 to 
4. 

[0045] Moreover, with respect to the annular gas grooves 9, 
since the annular gas grooves 9 extend in the circumferential 

15 direction with equal intervals, the in-plane temperature 

difference of the wafer W tends to become greater in the radial 
direction of the annular gas groove 9 due to influences from 
the annular protrusion 13 outside and the annular protrusion 
14 inside • Here, it has been found that, in order to prevent 

20 the in-plane temperature difference from becoming greater, it 
is preferable to form a plurality of protrusions 12 inside the 
gas groove 9, and that, when the ratio S3/S4 of the area S3 of 
the annular gas groove 9 and the total area S4 of the upper surfaces 
of the dotted protrusions 12 is set in a range from 1 to 5, it 

25 becomes possible to make the deformation of the wafer W desirably 

15 



smaller, and also to make the in-plane temperature difference 
of the wafer W smaller.. More preferably, S3/S4 is set in a range 
from 2 to 3. 

[0046] More preferably, a plurality of protrusions 11 are 
5 placed inside the circular gas recess 8, with the value of ratio 
S1/S2 being set to 1 to 5, so that the protrusions 11 are evenly 
distributed in the circular gas recess 8; thus, the electrostatic 
force inside the circular recess can be made uniform so that 
the entire face of the wafer W is fixed with a uniform attractive 

10 force and the amount of heat conduction transmitted from the 
mounting snrf ace 3 to the wafer W is made virtually equal between 
the center portion and the peripheral portion. Consequently/ 
the temperature difference in the processing surface of the wafer 
W can be reduced to an extremely small level. 

15 [0047] Moreover, with respect to the annular gas groove 9, 
the protrusions 12 are preferably arranged evenly in the annular 
gas groove 9. 

[0048] Here, the protrusions 11 are preferably distributed 
evenly over the face surrounding the gas recess 8, and, more 
20 specifically, the number thereof is preferably set to 1 to 20 
per 4 cm 2 within the area SI. In the same manner, with respect 
to the dotted protrusions 12 in the annular gas groove 9, the 
number thereof is preferably set to 1 to 15 per 4 cm 2 within 
the area S3. 

25 [0049] Furthermore, with respect to a region Rl in which three 

16 



or four holes 17 for allowing lift pins to pass therethrough 
and a temperature-measuring hole 24 for allowing a thermocouple 
for directly measuring the temperature of the wafer W to pass 
therethrough are formed/ With respect to this region Rl having 
5 the holes, the protrusions 11 may be placed irregularly within 
the region Rl in comparison with the other region R2 . It is 
difficult to make the area thereof virtually the same as the 
area of the other region R2 since the layout of the grooves is 
limited. Here, the rate of the region Rl accounting for the 

10 entire region is small , and gives only small influences to the 
temperature di stribution of the wafer W. However, in order to 
make the temperature within the plane of the wafer W uniform, 
it is necessary to make the areas of the upper surfaces of the 
protrusions 11 of the region Rl and each of the regions R2 closer 

15 to each other. 

i 

[0050] With respect to the groove width that is a gap between 
the protrusions 11, it is set to an optimal value in a range 
of 1 to 5 mm, and the depth thereof is preferably made deeper. 
With respect to the optimal groove depth, it is preferably set 

20 to not less than SOjim, more preferably, not less than lOOjim; 
however, when the depth is too great, dielectric breakdown tends 
to occur on the bottom face of the groove and the electrostatic 
attractive electrode 18 of the electrostatic chuck 1 . Therefore, 
it is necessary to determine the groove depth so as not to cause 

25 dielectric breakdown based upon the film thickness of the 



insulating, layer of the electrostatic chuck 1 and the withstand 
voltage, the voltage and the like of the material thereof. 
Moreover, by placing the groove portion at a region having no 
electrostatic attractive electrode, it is possible to provide 
5 an effect in that, upon turning the electrostatic chucking 
voltage off, the force for holding the wafer W drops in a short 
time, that is, the residual suction force is reduced. 
[0051] With respect to the gas inlet; 4 placed in the center 
of the circular gas recess 8 , it is preferable to form a plurality 

10 of the ports uniformly in the circular gas recess 8; thus, the 
gas supplied thereto is allowed to flow over the rear face of 
the wafer W smoothly, making it possible to further reduce the 
temperature difference within the plane of the wafer W. 
[0052 ] Moreover, when the material of the electrostatic chuck 

15 1 is prepared as a material having superior heat conductivity, 
the effects of the above-mentioned means are of course improved. 
Preferable materials are aluminum nitride, silicon carbide, 
boron nitride and the like, which exert heat conductivity of 
not less than 50W/ (m»K) under the applied temperature. 

20 

Examples 

[0053] As shown in Figs. 1A and IB, the electrostatic chuck 
of the present invention, which has a circular ceramic plate 
1 with a diameter of 300 ram and a thickness of 12 mm, is provided 
25 with a circular gas recess 8, an annular gas groove 9, protrusions 
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11 and protrusions 12 that are placed on one of its main surfaces. 
Here, a gas inlet that communicates with the circular gas recess 
8 is formed in the center of the circular ceramicplate . Moreover, 
a metal goo pipe 4a is brazed onto the gas inlet 4 • Gas is allowed 
5 to flow into the circular gas recess 8 through the gas pipe 4a 
and the gas inlet 4. Furthermore, a gas inlet 5, which 
communicates with the annular gas groove 9, is formed therein. 
A gas pipe, not shown, is brazed onto the gas inlet 5. Gas is 
allowed to flow into the annular gas groove 9 from the gas pipe 

10 through the gas inlet 5. 

[0054 ] A small amount of gas is allowed to flow from an annular 
protrusion 13 that forms a gas sealing region on the outermost 
circumference of the mounting surface 3 into a chamber. 
[0055] Moreover, the gas pressure of the annular gas groove 

15 9 and the gas pressure of the circular gas recess 8 are adjtisted 
separately by the annular protrusion 14. 

[0056] With respect to the forming method of the circular 
gas recess 8, the annular gas groove 9, the protrusions 11 and 
the protrusions 12, methods, such as a sand blasting process, 

20 a machining process and an ultrasonic process, may be used, and 
the sand blasting process is used from the viewpoints of 
processing precision, degree of freedom in shape-designing and 
processing costs. Moreover, the gas inlet 4 in the center is 
formed by applying a machining process to a sintered material. 

25 [0057] In the case of the electrostatic chuck of the present 
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embodiment/ themetal pipe, attached to the gas inlet 4/ is brazed 
onto the gas inlet 4 ; however, this may be fixed by using a bonding 
agent depending on the application temperature and atmosphere, 
and in the case of a structure in which the rear surface of the 
5 electrostatic chuck is entirely joined to an aluminum base and 
the like, a gas inlet 4 having virtually the same diameter as 
the gas inlet 4 of the electrostatic chuck may be preliminarily 
formed in the aluminum base, and after, the entire face of this 
has been joined thereto, a gas pipe 13 may be secured to the 
10 gas inlet 4 of the aluminum base with screws or through welding 
and the like, 

[0058] The electrostatic chuck to be used in the experimental 
example, which is an electrostatic chuck utilizing 
Johnson-Rahbek force, is made of aluminum nitride having a heat 
15 conductivity of 50 W/ (m-K) . 

i 

[0059] Moreover, those electrostatic chucks having abuilt-in 
heater electrode were used so as to confirm the uniform heating 
property of the wafer. With respect to the temperature 
distribution of the heater, those having a temperature range 
20 within 2°C on the mounting surface of the wafer of the 

electrostatic chuck upon heating at a temperature of 200°C were 
used, 

[0060] The groove depths of the circular gas recess 8 and 
the annular gas groove 9 were formed by using a sand blasting 
25 process so as to be set to lOOjim. The actual depth after the 
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process was set iri a range from 90 to 110|jin. 

[0061] Here, the samples thus formed are referred to as samples 

No. 7 to 12, 21 to 32, and 41 to 52. 

[0062] Electrostatic chuck3, manufactured s6 as to have 
5 gas-groove shapes of Figs, 2, 4, 5, 6 and 7, for use as comparative 
samples, are referred to as samples No. 1 to 5. Here, the depth 
of the gas groove was set to 90 to lOOjim, and with respect to 
the plate ceramic material, the same materials as those of samples 
No. 7 to 12 were used. 

10 [0063] Each of these electrostatic chucks was set in a vacuum 
chamber, and a silicon wafer the surface of which was coated 
with black paint so as to be observed by a the rmo -viewer was 
set thereon. In this state, the pressure thereof was reduced 
to 10" 1 Pa, and this was heated to 2 00°C by using the built-in 

15 heater of the electrostatic chuck. The temperature control was 
carried out by using a thermocouple attached to the vicinity 
of the center of the rear surface of the electrostatic chuck. 
In this state, a voltaqe of 500 V was applied to the electrostatic 
chuck, with helium gas having a gas pressure of 1300 Pa being 

20 supplied through the gas inlet 4 of each of the samples No. 7 
and 8. Moreover, helium gas having a gas pressure of 2500 Pa 
was supplied from the gas inlet 5. 

[0064] In the same manner, helium gas of 1300 Pa was directed 
into the gas inlet of each of the samples No. 1 to 5. 
25 [0065] With respect to the uniform heating property of the 



wafer and the property as to how swiftly the wafer is heated 
to a target temperature, which are subjects to be achieved, 
evaluation was made on the following items. 

[0066] With respect to the uniform heating property of the 
5 wafer, the temperature distribution on the surface of the wafer 
was measured by using the thermo- viewer, and the uniform heating 
property was evaluated based upon a difference between the 
maximum value and the minimum value derived from the temperature 
of the entire wafer. 

10 [0067] In order to evaluate the property as to how swiftly 
the wafer is heated to a target temperature, since helium gas 
was introduced to the rear face of the wafer after the wafer 
had been adhered thereto by the electrostatic chuck, the time 
required for the wafer to reach a saturated temperature at which 

15 the average temperature of the wafer came to have a temperature 

i 

changing rate of 0.1°C/sec was measured. This is because in 
order to properly control the temperature of the wafer, amounts 
of heat conduction in the wafer and the electrostatic chuck form 
important factors. 

20 [0068] The above-mentioned difference in the in-plane 

temperatures of the wafer is given as a difference between the 
maximum value and the minimum value of the temperature of the 
entire wafer that are measured by the thermo-viewer, with the 
setting temperature of the electrostatic chuck being determined 

25 at 200°C. The average temperature of the wafer was given as 
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an average value of measured temperatures at total nine posit ions , 
that is, the center point of the wafer, four positions that are 
arranged with the same interval at 10 mm from the outer 
circumference of the wafer and four positions located at middle 
5 points between the center and the outer circumf erence of the 
wafer. When the time required for the wafer to reach the 
saturated temperature is long, there is a delay in the processing 
start time, causing a longer processing time per one wafer. This 
case causes a decrease in the number of the processed wafers 

10 W per unit time, and is not preferable. 

[0069] The el ectrostatic chucks to be used in the experimental 
examples were allowed to have various shapes by changing the 
numbers, gaps and groove widths of the radial grooves, annular 
grooves and partition grooves. 

15 [0070] In the examples of the present invention, the wafer 
was heated by the built-in heater of the electrostatic chuck; 
however, in the case where the wafer is heated by applying plasma 
heat and the wafer is then cooled by the electrostatic chuck/ 
the same effects are obtained with only the reversed transmitting 

20 direction of heat. 

Example 1 

[0071] First, with respect to the circular gas recess 8 of 
the electrostatic chuck having an outer shape of the mounting 
25 surface 3 of 300 mm, the diameter thereof was varied to 60 to 



97% of the outer shape of the mounting sur facte 3 to prepare 
respective electrostatic chucks that formed samples No. 6 to 
12. Here, the ratio of the area of the protrusion inside the 
gas groove with respect to the circular gas recess 8 was set 
5 to 1. Moreover, the ratio of the area of the protrusion inside 
the gas groove with respect to the annular gas groove was also 
set to 1. Samples No, 1 to 5 were prepared for comparative 
examples. Table 1 shows the results of the tests. 

10 Table 1 



sample 


1 


2 


3 


4 


5 


7 


8 


9 


10 


11 


12 


shape of 
mounting 
surface 


Fig 
2 


Fig 
3 


Fig 
4 


Fig 
5 


Fig 
6 


Fig 
1 


Fig 
1 


Fig 
1 


Fig 
1 


Fig 
1 


Fig 
1 


Dc/D (%) 












60 


70 


80 


90 


95 


97 


wafer 
temp. (°C) 


6 


6 


6 


5 


5 


2.5 


2.0 


2 


2 


2.5 


3 


time to 
saturate 
temp, (s) 


15 


16 


14 


15 


13 


9 


7 


6 


6 


7 


8 



[0072] It was found that the electrostatic chucks of thfe 
present invention corresponding to samples No. 7 to 12 had 
in-plane temperature differences of the wafer within 3°C, which 
15 were preferably reduced values. 

[0073] Moreover, in the case of the respective samples No. 
8 to 11 in which the diaiueLer of the circular gas recess was 
varied to 70 to 95% of the outer shape of the mounting surface, 
the temperature difference on the wafer surface was as small 
20 as not more than 2.5°C, with the time required to reach the 

24 



saturated temperature which was also as small as not more than 
7 seconds; thus, these samples were found to be desirable. 
[0074] Furthermore/ in the case of the respective samples 
No i 9 to 10 in which the diameter of the circular gas recess 
5 was varied to 80 to 90% of the outer shape of the mounting surface, 
the temperature difference on the wafer surface was as small 
as not more than 2. 0°C, with the time required to reach the 
saturated temperature which was also as small as not more than 
6 seconds; thus, these samples were found to be desirable. 

10 

Example 2 

[0075] Next, the same manufacturing processes as example 1 
were carried out to prepare electrostatic chucks with the width 
W2 of the annular protrusion 14 surrounded by the outer 

15 circumference of the circular gas recess 8 and the inner 

circumference of the annular gas groove 9 and the width Wl of 
the annular protrusion 13 surrounded by the outer circumference 
of the mounting surface and the outer circumference of the annular 
gas groove being respectively set within a range from 0.2 to 

20 7 mm; and the in-plane temperature difference of the wafer was 
measured* 

[0076] No. 21 to 32 of Table 2 show the results. 

25 



25 



Table 2 



sample 


21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 


shape of 
mounting 
surface 


Fig. 1 


width (mm) 
of first 
protrusion 


0.2 


1 


1 


3 


5 


7 


3 


3 


3 


3 


3 


3 


width (mm) 
of second 
protrusion 


3 


4 


3 


3 


3 


3 


0.3 


0.5 


2 


3 


5 


7 


wdler 
temp. (°C) 


3 


2 


1.5 


1.5 


2 


3 


3 


2 


1.5 


1.5 


2 


3 


time to 
saturate 
temp- (s) 


9 


6 


5 


5 


5 


9 


8 


5 


4 


4 


5 


9 



[0077] With respect to the samples Nos. 22 to 25 as well 
5 as 28 to 31/ the widths of the annular protrusions 13 and 14 
were respectively in ranges of 1 to 5 mm and 0.5 to 5 mm/ and 
an in-plane temperature difference of the wafer was not more 
than 2°C, with the saturation time being not more than 6 seconds; 
thus, these samples were found to be desirable. 

10 [0078] In the case of sample No. 21 that was out of the range 
of the present invention, the width of the annular protrusion 
13 was as small as 0.2 mm with a greater amount of gas leak/ 
and an in-plane temperature difference of the wafer was 3°C/ 
which is slightly great- In contrast/ in the case of sample 

15 No. 26/ the width of the annular protrusion 13 was as great as 
7 mm, with an in-plane temperature difference of the wafer being 
as great as 3°C. 
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[0079] Moreover, in the case of sample No. 2*7, the width of 
the annular protrusion 13 was as small as 0.5 torn with a greater 
amount of gas leak, and an in-plane temperature difference of 
the wafer was 3°C, which is slightly great. In contrast, in 
the case of sample No. 32, the width of the annular protrusion 
13 was as great as 7 ram, and an in-plane temperature difference 
of the wafer was as great as 3°C. 

[0080] Consequently, it has been found that when the width 
of the annular protrusion 14 is preferably set in a range from 
0.5 to 5 mm, with the width of the annular protrusion 13 being 
preferably set in a range from 1 to 5 mm; thus, it is possible 
to obtain superior characteristics. 

[0081] Moreover, as indicated by samples Nos . 23, 24, 29 and 
30, when the width of the annular protrusion 14 is set in a range 
from 1.0 to 3 mm, with the width of the annular protrusion 14 
being set in a range from 2 to 3 mm, an in-plane temperature 
difference of the wafer is as small as not more than 1.5°C, with 
the time required to reach the saturated temperature being set 
to not more than 5 seconds; thus, it becomes possible to obtain 
superior properties. 

Example 3 

[0082J Next, the same manufacturing processes as example 1 
were carried out to prepare electrostatic chucks with the area 
SI of the circular gas recess 8 and the total area S2 of the 

27 



upper surfaces of the dotted protrusions 11 located inside the 
circular gas recess as well as the area S3 of the annular gas 
groove 9 and the area S4 of the upper surfaces of the protrusions 
12 located inside thereof being respectively varied; thus, 
5 electrostatic chucks having varied ratios of S1/S2 and S3/S4 
were manufactured/ and the characteristics thereof were 
evaluated in the same manner as Example 1 . The results of Sample 
Nos. 41 to 52 are shown in Table 3. 



10 Table 3 



sample 


41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 


ahape of 
mounting 
surface 


Fig- 1 


S1/S2 


0.5 


1 


2 


4 ! 


5 


6 


3 


3 


3 


3 


3 


3 


S3/S4 


3 


3 


3 


3 


3 


3 


0.5 


1 


2 


3 


5 


7 


wafer 
temp. <°C) 


2 


1.5 


0.6 


0.8 


1.2 


2 


2 


1.4 


0.7 


0.8 


1.5 
4 


2 


time to 
saturate 
temp, (a) 


6 


4 


4 


3 


4 


6 


7 


4 


3 


3 



[0083] With respect to samples Nos. 42 to 45 as well as 48 
to 51/ the value of S1/S2 is in a range from 1 to 5, the value 
of S3/S4 is in a range of 1 to 5, an in-plane temperature difference 
15 of the wafer is not more than 1.5°C and the saturation time is 
also as small as not more than 4 seconds; thus, these samples 
are found to be preferable. 

[0084] In the case of sample No. 41/ which is out of the range 
of the present invention, the value of S1/S2 is as small as 0.5, 
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and the in-plane temperature difference of the wafer is 2°C, 
which is comparatively great . In contrast, in the case of sample 
No, 4 6, the value of S1/S2 is as great as 6 and an in-plane 

temperature difference of the wafer is not more than 2°C, which 
5 is comparatively great. 

[0085] Moreover, in the case of sample No. 47 which is out 
of the range of the present invention, the value of S3/S4 is 
0.5, which is too small, with the result that the in-plane 
temperature difference of the wafer is as great as 2°C. 
10 Furthermore, in the case of sample No. 52, the value of S3/S4 
is as great as 7, with the result that the in-plane temperature 
difference of the wafer is as great as 2°C. 

[0086] Therefore, it has been found that the value of S1/S2 
and the value of S3/S4 are preferably set in a range from 1 to 
15 5 so as to provide superior characteristics. 



29 



